QMK). Helminth community composition and structure were examined among two resident shorebird species, red-capped plover, Charadrius ruficapillus (N = 20), and masked lapwing, Vanellus miles (N = 5), and two migrants, ruddy turnstone, Arenaria interpres (N = 20), and curlew sandpiper, Calidris fe rruginea (N = 5), on King Island, Tasmania in March-April 1993, prior to northward migration to the nesting grounds. The total number of species of helminths recovered was 28 and life cycles of at least 19 of these were occurring on the island. Twenty-five species were categorised as generalists and three were undetermined. One to three species of helminths were dominant in each host species. Eight species, to various degrees, were common among the four species of host. Most sharing occurred in the mucosa! trematode guild. Similarities between resident Charadrius ruficapillus and migrant A. interpres was 32.7%, while the mean number of species and mean number of helminths were significantly higher in A. interpres. Except for five new species found in this study, all other species of helminths have been described or reported from charadriids or related hosts from other continents. The pool of helminth parasites capable of infecting shorebirds was well established on King Island.
INTRODUCTION
Tasmania and its adjacent islands provide significant habitat to wintering migrant shorebirds (Charadriidae), most of which breed in the Northern Hemisphere, and non-migrating resident shorebirds. King Island, located off the northwest coast of the Tasmanian mainland (40°S, 144°£; 58 km long by 21 km wide), is utilised by and is important habitat for both groups of shorebirds (Schulz 1990) . Two migrants, ruddy turnstone, Arenaria interpres Linnaeus, and curlew sandpiper, Calidris farruginea Pontoppidian, and two residents, red-capped plover, Charadrius ruficapillus T emminick, and masked lapwing, Vanellus miles Boddart, were common on King Island at the time of the study (February-March 1993) . Ruddy turnstones breed on the coastal plain or lowlands around the Arctic Ocean. They feed on marine invertebrates in rocky areas, on reefs exposed at low tide and in sandy areas with deposits of seaweed. Curlew sandpipers breed mostly on high altitude tundra in Central Siberia and some in northern Alaska. Their preferred foraging areas for invertebrates are muddy areas, including intertidal mudflats (Hayman et al. 1986 ). Masked lapwings breed on King Island and prefer open areas with low vegetation, such as pastures and grasslands (Green 1989 , Hayman et al. 1986 , Slater et al. 1989 . Some were observed foraging in the intertidal zone at low tide (AGC). Red capped plovers also breed on King Island (Green 1989 , Slater et al. 1989 and were observed mostly on open ocean sandy beaches, sandy patches between rocky areas and in areas with deposits of seaweed (AGC). Many wader species throughout the world have been subjected to diminished and altered habitat. As environ mental change continues, overcrowding and stress, factors known to alter host-parasite relationships (Esch et al. 1975 , Friend 1992 , will probably increase. To detect changes in these relationships and their effect on avian morbidity and mortaliry, analyses of parasite community composition and structure are necessary to establish norms. Smith (1974 Smith ( , 1983 , working in southern Tasmania, elucidated several helminth life cycles and described several species of helminths which used charadriids as defi nitive hosts. De block & Canaris ( 1996 , 1997 described several new species of helminths from charadriids from King Island, Tasmania, from material gathered for the study recorded here.
The purpose of this study is to examine and compare the helminth parasite community composition and structure among two resident and two migrant waders from King Island. Comments on changes in helminth communities over time and migration are included.
We chose to study these four species of hosts because they were common components of the shorebird community, utilising differing habitats but with possible overlap during foraging, and because nothing was known about helminth communities in Charadriidae from King Island. • Kruskal-Wallis test for changes in helminth numbers from the same collecting site over time, and number of species of helminths and number of helminths among migratory charadriids; • variance to mean ratio test (S2/X with X 2 goodness.·of-fit test) for dispersion (uniform~random-contagious) for each species of parasite, and for the number of species of parasites and number of parasites of the population using the total from each host;
MATERIAL AND METHODS

Populations
• Shannon's index for diversity (Pielou's J'), in which a J' value was calculated for each host and these values were summed and total mean J' values for the populations were derived (the closer the J' values were to 1.00, the more evenly the helminths were distributed among the hosts); • Morisita's index of simil8rity, Jaccard's coefficient of similarity and percent similarity to evaluate community similariry between the above two species of hosts (the closer the values to 1.00 the greater the similarity); • X-abundance and graphical analysis (by plotting helminth prevalence [Xl versus percent of total [Y] for each species of helminth and observing the position and relationship of individual species to all others) to define the dominant species of helminth communities; and lastly, • the X 2 statistic with Cole's coefficient and Spearman's rank correlation coefficient for interspecific association analysis.
Infracommunity composition and structure of helminths was examined by dividing the gastrointestinal tract into the following sections: oral cavity, oesophagus, proventriculus, ventriculus; small intestine into equal thirds beginning from the most anterior, paired caeca, large intestine and cloaca. All other internal organs and the body cavity were also examined. Parasite guilds were investigated using the following classifications proposed by Bush & Hohnes (1986) and Bush (1990): (1) trematode guild -mucosal, feed by engulfing gut tissue and by absorbing nutrients across the body surface; (2) luminal absorbers -large cestodes and all acanthocephalans, attached to the mucosa but bodies are luminal, feed strictly by absorbing materials across the body surface; (3) mucosal absorbers --small cestodes intimately associated with the mucosa; (4) nematode guild -mucosal, feed strictly by engulfing gut tissue or contents.
Helminth specialists and generalists were categorised using the following criteria: specialists -those helminth species that either have the bulk of reproducing adults found only in a single host species or have been reported from a single host species, and generalists found or reported from several host species, including hosts from other regions (Edwards & Bush 1989 , Bush 1990 , Hinojos et al. 1993 . For applicable statistical tests, significance was assumed when P 0.05. Statistical tests of data for parasite communities of C. ferruginea and V. miles were limited because of small numbers examined. Abbreviations used were: X = mean of the population; SD = standard deviation; M = median of the population; R = range; G1 = gastrointestinal; SI = small intestine; T, L, M, N, Tis = respective guilds-. trematode, luminal absorber, mucosal absorber, nematode, and tissue other than GI tract.
RESULTS
Red-capped plover C. ruficapil/us (N = 20)
A total of 1458 helminth parasites (X abundance = 72.9, SD = 60.7, M = 50.0) consisting of 13 species (X = 3.6, SD = 1.1, M = 3.0) was collected from this host. The parasite population in the community was normally distributed (P < 0.05), and the parasites were fairly evenly distributed among the hosts Q' = 0.69). The number of species of parasites was also normally distributed (P < 0.05) and was uniform in dispersion (S2/X = 0.33, P < 0.01). All hosts were infected with at least one species of helminth (R = 1-6 species), and after host #14 only one additional species was observed that had not been observed previously. Among the helminths, eight species of trematodes, four of cestodes and one of acanthocephalans were represented. Two trematodes, Levinseniella howensis and Maritrema eroiiae, and a cestode, Proterogynotaenia sp., were the most prevalent and abundant parasites. They accounted for 77.4% of the total number of parasites and were considered the dominant species in the community (table 1). All species of parasites were contagious (clumped or aggregated) with respect to dispersion (P < 0.01 for each species). There was a positive association between infections ofL. howensis and Proterogynotaeniasp. (+0.72). Aless pronounced association, one positive and one negative, occurred between L. howensis and Hymenolepis lauriei (+0.57) and between Proterogynotaenia sp. and H. lauriei (-0.47) . Expected frequencies were too small to use the Chi-square statistic for the above associations. F our species of trematodes were new to science and have been described recently; Maritrema spinosulum, Microphallus pearsoni, M pseudogonotylus and Rhynchostophallus insularegii (Deblock & Canaris 1996 , 1997 . The cestode Proterogynotaenia sp. is a new species now being described.
Ruddy turnstone A. interpres (N = 20)
A total of 3656 helminth parasites (X abundance = 182.8, SD = 156.3, M = 141) consisting of 14 species eX = 5.2, SD = 1.2, M = 5.0) was collected from this host. The parasite population in the community was normally * Guilds: T = trematode; L = luminal absorber; M = mucosal absorber. distributed (P < 0.05) and the parasites fairly evenly distributed among the hosts G' = 0.69). The number of species of parasites was also normally distributed (P < 0.05) and was uniform in dispersion (S2/X = 0.22, P < 0.01). All hosts were infected (R = 3-7 species), and after host #12 no additional species were observed that had not been observed previously. Among the helminths, six species of trematodes, seven of cestodes and one of acanthocephalans were represented. The three most prevalent and abundant helminths were the trematodes Maritrema eroliae, and L. howensis, and the cestode Trichocephaloides megalocephala. They accounted for 76.6% of the total number of parasites and were considered the dominant species in the community (table 2). All species of parasites were contagious with respect to dispersion (P < 0.01 for each species except for Arythmorhynchus tringi, which was random, P < 0.05). No positive or negative associations between species of parasites were detected. Of the four recently described helminths from King Island shorebirds (Deblock & Canaris 1996 , 1997 , only M. pearsoni was observed in this host.
Curlew sandpiper C. ferruginea (N = 5)
A total of 154 helminth parasites (X abundance = 30.8, M = 13) consisting of five species (X = 1.8, M = 2) was collected from this host. Four of the five hosts were infected with at least one species of parasite (R = 1-4). Among the helminths, four species of cestodes and one of trematode were represented. The cestode Nadejdolepis paranitidulans was the most prevalent and abundant helminth. It accounted for 87.0% of the total number of parasites and was the dominant species (table 3) .
Masked lapwing V. miles (N = 5)
A total of 282 helminth parasites (X abundance = 56.4, M = 9) consisting of nine species (X = 2.8, M = 3) was collected from this host. All five of the hosts were infected with at least one species of parasite (R = 1 ~4). Among the helminths, four species of cestodes, two of nematodes, one of trematode and two of acanthocephalans were represented. The cestode N lauriei and the nematode Porrocaecum heteroura were the most prevalent. The cestodeAnomotaenia microrhynchawas the most abundant, accounting for 82.6% of the total number of parasites, and was the dominant species (table 4) .
Parasite guilds
The trematode guild was predominant in the resident redcapped plover C. ruficapillus with eight species and 50% of the helminth abundance. A luminal absorber, the cestode Proterogynotaenia sp., was very high in prevalence (85%) and abundance (40%) (table 1). The trematode guild was also predominant in the migratory ruddy turnstone, A. in terp res, with six species and 67.2% abundance. One luminal absorber, the cestode T megalocephala, was also very prevalent (95%) and abundant (22%) (table 2) . Mucosal absorbers were predominant in the small sample of migrant curlew sandpipers, C. ftrruginea ,with the cestode N paranitidulans being the most prevalent (60%) and abundant (83%) (table 3). Luminal absorbers were the predominant guild in the resident masked lapwing V. miles. This was the only species of host that showed a mix of both terrestrial and marine-associated helminths and harboured the nematode guild. 
Host specialists and generalists
The total helminth pool consisted of28 species, and at least 25 were generalists, in that all have been reported from other birds. Two trematodes,M pseudogonotylusandR. insularegii, and the cestode Proterogynotaenia sp. may be specialists in C. ruficapillus but we do not know enough about host-parasite relationships and geographic distribution in Tasmania to categorise them. Eight helminth species were recovered from at least rwo species of host, and Acanthoparyphium charadrii infected three species of host. The largest number of shared species came from the trematode guild, and there were none from the nematode guild ( 
Infracommunity
Most species of helminths were in largest numbers in a specific section of the GI tract. The largest number of helminths was recovered from the anterior third of the small intestine in C. ruficapillus and the middle third inA. interpres ( fig. 1 ). The paired caeca in both species of host were the site of choice for the trematode L. howensis. In both C. ruficapillus andA. inter pres, the three dominant species of helminths, in general, were in greatest abundance in different sections of the GI tract. This was most evident for the rwo species of cestodes and the trematode L. howensis (figs 2, 3). We could not determine if any particular section was saturated (packed), although some species did extend in smaller numbers into adjacent sections of the small intestine. Most parasites recovered from the large intestine and cloaca were unhealthy in appearance or moribund.
Community comparison, C. ruficapil/us vs A. interpres
There were five species of helminths which infected both species of host with a similarity of 32.7% (Morisita's index = 0.44; Jaccard's coefficient = 0.23). The mean number of species and mean number of helminths were significantly higher inA. inter pres (P < 0.00001 and P< 0.01 respectively).
Evenness of distribution of parasites for the two species of hosts was not very different Q' = 0.69 vs 0.69; P > 0.06).
Over a five-day period, helminth numbers increased significantly for the combined three dominant species L.
howensis, M. eroliae and T. megalocephala in A. interpres
(P < 0.00 1), but not overall, and helminths decreased significantly overall for C. ruficapillus (P < 0.05).
DISCUSSION Helminth Regional Relationships
The pool of helminth parasites on King Island infecting charadriids is well established and, as indicated by infections in the non-migratory host species, many of the life cycles occur in the area. Two species of the helminths observed in our study, Gynaecotyla macrocotylata and M. eroliae, were reported from southern Tasmania by Smith (1983) . He also described three species of microphallid trematodes from the same general locality: Atriophallophorus coxiellae from Charadrius cucullatus Vieillot and C. ruficapillus; Maritrema calvertensis from C. cucullatus and Charadrius melanops Vieillot; and Microphallus tasmaniae from C. cucullatus, C. meLanops and C. ruficapillus (Smith 1974) . None of these three parasites was observed in our study. Three species of microphallids observed in our study have been reported or described from shorebirds on or near the Aus tralian mainland, Maritrema eroliae in C. mongollus Pallas and Calidris acuminata Horsefield from Queensland (Deblock & Pearson 1968 , Deblock & Canaris 1996 , and Levinseniella monodactyla in Charadrius mongollus from Queensland (Deblock & Pearson 1970) and L. howensis in Pluvialis 
GUT SECTIONS
FIG. 3 -Distribution of three dominant helminth species in the gastrointestinal tract of Arenaria interpres, King Island, Tasmania
dominicaMiiller from Lord Howe Island (Pearson & Deblock 1979) . Microphallids are predominantly marine and shortlived, and appear to be mostly regional. It is unlikely any of the Australian and Tasmanian species will be found in other regions. One exception may be M eroliae but, according to Deblock & Canaris (1992 , 1996 , it appears to be a speciescomplex. Mawson (1968) reported nematodes from 20 species of waders, mostly from South Australia, but none of these parasites was observed in our study. All other helminth species reported here, except for the five new species, have been described or reported from charadriids or related species from other continents (Eurasia, North and South Americas).
Helminth Distributions and Relationships
Contagious (clumped) distributions of helminths as observed in A. interpres and C ruficapillus appear to be typical for shorebirds. A summary of possible causes for contagious distribution gleaned from literature by Secord & Canaris (1993) 
Helminth Community Changes
Parasite communities in shorebirds may change over time. This appeared to be happening during the relatively short period of this study. Increase in helminths in A. interpres during the latter part of the study was coincidental with ingestion of gammarids infected with metacercariae of L. howensis and with enhanced fat deposits in preparation for migration. Both observations of increase of helminths in A. interpres and decrease in the resident C ruficapillus need to be studied over a longer time-period with increased sample size before we consider these observations definitive. Ginetsinskaya (1953) compiled data from 12 shorebirdhelminth studies (N = 1539 birds) done in various regions of the USSR. Based on the number of hosts infected with the four major helminth groups, trematodes, cestodes, nematodes and acanthocephalans, she concluded cestodes were predominant in ten of the 12 studies. Trematodes were predominant in two, both from the maritime littoral zone, and most species of acanthocephalans observed were also from this zone. She also stated that the number of worm species, both overall and within each helminth group, was markedly higher on the nesting grounds than in migrating birds. She attributed the loss of parasites in migration to a seasonal decrease in invertebrates, which act as intermediate hosts, and losses of short-lived parasites, particularly trematodes. Bush (1990) examined willets, Catoptrophorus semipalmatus Gmelin, from nesting grounds (freshwater) in Canada and wintering grounds (marine) in the USA and reported no significant difference in number of species of helminths but a significantly higher number t Guilds as before; Tis = tissue.
of helminths on the wintering grounds. Cestodes were in highest abundance on the nesting grounds and trematodes on wintering grounds (table 6) .
OBSERVATIONS
We compiled data from 17 studies, including this one, on 11 species of shorebirds (N = 612) from both freshwater and marine habitats (table 6). Cestodes were the most abundant in all 12 freshwater habitats, trematodes in four marine habitats, and nematodes in one, the more terrestrial common snipe Gallinago gallinago Linnaeus. Trematode and luminal guilds were represented by the largest numbers of occurrences (107 and 96 respectively) followed by mucosal guilds (51), and nematodes (26). We added a tissue guild (= Tis) for helminths occupying others organs or cavities. However, not all of the above studies include this guild. We also placed hosts in one of four groups. With respect to mean number of species the results were 23 nesting birds, 10 migrating, 19 migrating with some nesting and 19 wintering. fJthough there was no significant difference (P > 0.05), the same observation reported by Ginetsinskaya (1953) of migrating shorebirds having the fewest species is also attendant in our data. We also examined mean abundances as above with the following results; 1122, 12, 191 and 374. There was a significant difference (P < 0.05) with the migrating shorebirds having the fewest helminths. We present these observations with caution, because each migrant species needs to be examined throughout its range before we can be sure about the dynamics of helminth communities under these differing biotic and abiotic circumstances.
We assume that additional studies of helminth communities of waders from Tasmania would reveal new species, because of geographic isolation, availability of non-migrating charadriids as hosts and the established presence of helminths whose adult stages are short-lived, as in the Microphallidae. Finally, we expect additional commonality of helminths among species of hosts in Tasmania and Australia and, because many species of charadriids migrate to and from this region, additional affinity of some helminths with charadriids from other continents.
